Aims/hypothesis Obesity-related insulin resistance is associated with accumulation of bioactive lipids in skeletal muscle. The AMP-activated protein kinase (AMPK) regulates lipid oxidation in muscle by inhibiting acetyl-CoA carboxylase-2 (ACC2) and increasing mitochondrial biogenesis. We investigated whether reduced levels of muscle AMPK promote lipid accumulation and insulin resistance during high-fat feeding. Methods Male C57/BL6 wild-type mice and transgenic littermates overexpressing an α2AMPK kinase-dead (KD) in muscle were fed control or high-fat diet. Whole-body glucose homeostasis was assessed by glucose and insulin tolerance tests, and by measuring fasting and fed serum insulin and glucose. Insulin action in muscle was determined by measuring 2-deoxy-[ 3 H]glucose uptake and Akt phosphorylation in incubated soleus and extensor digitorum longus muscles. Muscle triacylglycerol, diacylglycerol and ceramide content was measured by thin-layer chromatography. Mitochondrial proteins were measured by immunoblotting. Results KD mice had reduced skeletal muscle α2AMPK activity (50% in gastrocnemius and >80% in soleus and extensor digitorum longus) and ACC2 Ser228 phosphorylation (90% in gastrocnemius). High-fat feeding increased body mass and adiposity, and impaired insulin and glucose tolerance; however, there were no differences between wild-type and KD littermates. High-fat feeding impaired insulin-stimulated muscle glucose uptake and Akt-phosphorylation, while increasing muscle triacylglycerol, diacylglycerol (p=0.07) and ceramide, but these effects were not exacerbated in KD mice. In response to high-fat feeding, mitochondrial proteins were increased to similar levels in wild-type and KD muscles. Conclusions/interpretation Obesity-induced lipid accumulation and insulin resistance were not exacerbated in AMPK KD mice, suggesting that reduced levels of muscle α2AMPK do not promote insulin resistance in the early phase of obesity-related diabetes.
Introduction
The development of obesity-related insulin resistance is associated with chronic low-grade inflammation [1] and accumulation of bioactive lipids such as fatty acyl-CoAs, diacylglycerol and ceramide in skeletal muscle [2] . The combination of inflammation and accumulation of bioactive lipids is hypothesised to antagonise insulin signalling and insulin-stimulated glucose uptake by activating c-jun Nterminal kinase [3] , inhibitory kappa beta kinase [4] , protein kinase C theta [5] and protein phosphatase 2A [6] .
As reviewed [7] , muscle lipid accumulation is due to an imbalance between myocellular lipid uptake and mitochondrial β-oxidation. In humans, skeletal muscle fatty acid oxidation is reduced with obesity [8] and type 2 diabetes [9] , an effect associated with reduced mitochondrial capacity in some [10] [11] [12] , but not all studies [13] . However, in animal models of obesity and insulin resistance skeletal muscle mitochondrial capacity is increased [14, 15] , suggesting that despite increases in mitochondrial capacity, the oxidative rate of muscle is unable to fully compensate for increases in fatty acid delivery and uptake [16, 17] . In accordance with this idea, increased protein levels of carnitine palmitoyltransferase 1 (CPT-1), the rate-limiting factor involved in mitochondrial uptake of long-chain carnitine acyl-CoAs, protects muscle from lipid accumulation and insulin resistance [18] , whereas chronic inhibition of CPT-1 exacerbates obesityrelated insulin resistance [19] . The activity of CPT-1 is inhibited by malonyl-CoA which is produced by acetyl-CoA carboxylase (ACC) 2 and degraded by malonyl-CoA decarboxylase [20] . The importance of ACC2 is highlighted by the ACC2-null mouse, which has increased fatty acid oxidation and is protected from ectopic lipid accumulation in response to high-fat feeding [21] . The AMP-activated protein kinase (AMPK) is a well-documented ACC2 S228 kinase and AMPK-dependent phosphorylation of ACC2 reduces ACC2 activity [22] and malonyl-CoA production, in turn increasing lipid oxidation [23] . In addition to acutely regulating mitochondrial fatty acid flux, AMPK is also important in regulating mitochondrial biogenesis and oxidative capacity in skeletal muscle [24, 25] .
In skeletal muscle from lean type 2 diabetic patients [26, 27] and obese participants [28] , AMPK signalling in response to aminoimidazole carboxamide ribonucleotide (AICAR) or exercise appeared to be unchanged, although some studies have noticed modest reductions [29, 30] . Thus, it is currently not clear whether a reduction in AMPK causes accumulation of skeletal muscle lipids and insulin resistance with obesity. A recent study by Fujii et al. [31] reported that reduced muscle AMPK activity aggravated muscle insulin resistance following a high-fat diet over 30 weeks in transgenic mice on an FVB background. However, the mechanisms by which reduced muscle AMPK activity contributed to the worsening of insulin resistance with obesity were unknown, as muscle lipids were not elevated and insulin signalling not assessed. In addition, muscle insulin sensitivity was only different between genotypes 4 months after the first evidence of wholebody glucose intolerance. Thus, it is unclear whether the deficiency in muscle AMPK had directly caused insulin resistance or whether this was due to secondary effects. Therefore, the purpose of the current study was to test whether a reduction in skeletal muscle AMPK activity directly promotes ectopic lipid accumulation and insulin resistance with obesity in skeletal muscle. We used the C57/BL6 mouse strain, which is more prone than FVB mice to develop diabetes and ectopic lipid accumulation in response to high-fat feeding [32] . We hypothesised that reduced muscle AMPK activity and ACC2 phosphorylation in AMPKα2 kinase-dead (KD) mice [33] would exacerbate lipid accumulation and insulin resistance during high-fat feeding.
Methods
Animals We used 6-to 9-week-old male C57/BL6 (>F10) mice overexpressing an AMPKα2 KD transgene or their wild-type littermates in all experiments (mice were a kind gift from M. J. Birnbaum, Howard Hughes Medical Institute, Philadelphia, PA, USA). Transgenic AMPKα2 protein under control of the muscle creatine kinase promoter has been described previously [33] . All mice were kept on a 12 h light-dark cycle at 20-21°C and had free access to food and water unless otherwise stated. Mice were maintained on a standard rodent chow diet or low-fat diet (4% energy from fat; Harlan Teklad) except in high-fat diet experiments, where the diet was composed of 45% energy from fat (SF04-027; Specialty Feeds, Perth, WA, Australia). These same dietary conditions were also used in separate experiments on C57/BL6j mice (Walter Eliza Hall Institute of Medical Research, Melbourne, VIC, Australia). Last, ob/ob mice (Monash Mouseworks, Melbourne, VIC, Australia) were also used to test how effectively AICAR stimulated glucose uptake. All procedures were approved by the St Vincent's Hospital Animal Ethics Committee.
Muscle incubations Soleus (slow-and fast-twitch fibres) and extensor digitorum longus (EDL) (primarily fast-twitch fibres) muscles were dissected from anaesthetised mice (6 mg of pentobarbital per 100 g body weight) and transferred to incubation flasks containing 2 ml of essential buffer (Krebs-Henseleit buffer, pH 7.4, with 2.0 mmol/l pyruvate, 8 mmol/l mannitol and 0.1% vol BSA), gassed with 95% O 2 +5% CO 2 and maintained at 30°C as described [34] . For all experiments, muscles were pre-incubated for 15 min in this buffer. Muscles were then incubated for an additional 20 min with a similar medium containing in addition either 2 mmol/l AICAR (Toronto Research Chemicals, North York, ON, Canada) or 2.8 μmol/l insulin (Actrapid; Novo Nordisk, Bagsvaerd, Denmark). 2-Deoxy-Dglucose uptake was measured by replacing existing incubation buffer with a similar buffer containing in addition 18.5 kBq/ml 2-deoxy-D- [2,6- Intravenous insulin injection Mice were anaesthetised (6 mg of pentobarbital per 100 g body weight). After gently removing the gastrocnemius muscle, the inferior vena cava was exposed and insulin (5.2 μmol/kg in a volume of 100 μl/10 g) was injected using an insulin syringe. After another 5 min the quadriceps muscle was removed, snapfrozen and stored at −80°C until analysis.
Muscle lysate preparation Muscles were homogenised in ice-cold buffer (50 mmol/l HEPES, pH 7.4, 150 mmol/l NaCl, 10 mmol/l NaF, 1 mmol/l sodium pyrophosphate, 0.5 mmol/ l EDTA, 250 mmol/l sucrose, 1 mmol/l dithiothreitol, 1% (vol./vol.) TritonX-100, 1 mmol/l Na 3 VO 4 and 1 Roche protease inhibitor tablet per 50 ml buffer) using an electrical homogeniser. Lysates were generated as previously described [34] and stored at −80°C until analysis. Protein content in lysates was measured by the bicinchoninic acid method (Pierce, Rockford, IL, USA).
Immunoblotting Levels or phosphorylation of investigated proteins was determined in muscle lysates by SDS-PAGE and immunoblotting using the following primary antibodies: pan-αAMPK, phospho-AMPK T172 and phospho-ACC S228 [35] ; Akt and phospho-Akt S473 (Cell Signaling Technology, MA, USA); cytochrome C oxidase subunit 1 (COX1) (Invitrogen Molecular Probes, Carlsbad, CA, USA); Complex II subunit 30 kDa, Complex III subunit Core 2, Complex IV subunit II and ATP synthase subunit alpha (OXPHOS AB cocktail; MitoSciences, , Eugene, OR, USA). Secondary antibodies were horseradishconjugated protein G (Bio-Rad Laboratories, Hercules, CA, USA). Bands were visualised using an enhanced chemoluminescence system and quantified using ImageQuant TL 05 software (Amersham Biosciences, UK). Values obtained using phospho-specific antibodies are expressed as the ratio to the total content of the protein measured after stripping the membrane and re-probing. Values obtained using antibodies against the total protein are expressed in relative units in comparison with control samples loaded on each gel.
AMPK activity AMPKα1 and α2 activities were measured from 100 μg of muscle lysate protein using rabbit polyclonal AMPK antibodies for immunoprecipitation as previously described [35] .
Muscle lipids Muscle triacylglycerol, ceramide and diacylyglyerol were extracted from freeze-dried powdered gastrocnemius muscle and measured as previously described [36] .
Insulin and glucose tolerance test Tolerance tests were performed on AMPK KD and wild-type mice after 6, 10 and 11 weeks of high-fat feeding. Glucose (1 g/kg) or insulin (5.2 μmol/kg; Actrapid, Novo Nordisk) in saline was given intraperitoneally and tail blood glucose was determined using a glucometer (Bayer, Leverkusen, Germany) [37] . Mice were fasted for 6 h starting at 08:00 hours before all tests.
Serum insulin and leptin Insulin concentrations were measured in serum from mice in the fed state, after 6 h fasting and in fasted mice 20 min after an i.p. glucose injection (1 g/kg) using an ELISA kit (Millipore, Linco Research, Billerica, MA, USA) according to the manufacturer's recommendations. Leptin was measured in serum from fed mice using a mouse adipokine kit (Linco Research) and a workstation (Bio-plex 200; Bio-Rad Laboratories,) as described [38] .
HOMA index of insulin resistance The HOMA index of insulin resistance (HOMA-IR) score was determined as: fasting serum insulin (pmol/ml)×fasting plasma glucose (mmol/l)/156, and is a measure of whole-body insulin sensitivity [39] .
Statistics Data are expressed as means±SE. Statistical evaluations were performed by Student's t test or two-way ANOVA using the Student-Newman-Keuls method as a post hoc test when appropriate. Differences between groups were considered statistically significant if p<0.05.
Results
Muscle AMPK activity and ACC phosphorylation In agreement with previous reports [33, 40, 41] , α2AMPK activity was reduced in the gastrocnemius (~50%), soleus (~80%) and EDL (~95%) muscles from KD mice compared with wild-type (Fig. 1a,c) . α1AMPK activity was not significantly reduced in gastrocnemius muscles, but was reduced by~45% in soleus and EDL muscles from KD mice (Fig. 1a,c) . AMPK regulates muscles lipid oxidation through phosphorylation and deactivation of ACC2 [22, 40, 41] . As previously demonstrated [33, 40, 41] , ACC2 serine 228 phosphorylation was reduced by~90% in KD gastrocnemius muscle (Fig. 1c) . The 12 weeks of high-fat diet did not alter AMPKα1 and α2 activities or ACC2 phosphorylation (Fig. 1a,b) .
Body weight, obesity and serum non-esterified fatty acid High-fat feeding for 12 weeks increased body mass bỹ 40% and epididymal fat pad weight by~330% in wildtype and KD mice compared with chow-fed controls; however, these increases were not different between genotypes (Fig. 2a,b) . The high-fat diet increased fasting serum levels of NEFA by~35%, this increase being similar between the two genotypes (Fig. 2c) .
Serum glucose, insulin and leptin, and HOMA-IR Fasting serum glucose was similar in chow-fed wild-type and KD mice, and was increased in response to high-fat feeding bỹ 35% in both genotypes (Table 1 ). In chow-fed mice, serum insulin during fasting, in the fed state and in response to a glucose injection was similar in wild-type and KD mice (Table 1) . High-fat feeding increased serum insulin in the three conditions by 5.4-, 11-and 17-fold, respectively, compared with corresponding chow-fed mice (Table 1) , demonstrating a significant degree of hyperinsulinaemia with obesity. Unexpectedly, in the fed state, the degree of hyperinsulinaemia was lower in high-fat-fed KD mice than wild-type littermates, but this was not evident in the fasted state or 20 min post glucose injection ( Table 1 ). The HOMA-IR showed a significant increase in HOMA-IR with obesity and no difference in this index between genotypes (Table 1) . Finally, the high-fat diet induced a~fivefold increase in serum leptin compared with chow-fed controls, this increase being similar in wild-type and KD mice ( Table 1 ). These results show that obese KD mice do not develop a more severe degree of hyperinsulinaemia, hyperglycaemia and hyperleptinaemia than obese wild-type littermates.
Glucose and insulin tolerance test Whole-body glucose tolerance was tested after 6 and 11 weeks of high-fat feeding. Glucose tolerance was impaired at both time points, an effect which was more pronounced after 11 than 6 weeks on the high-fat diet (Fig. 3a,b) . Surprisingly, this progression in glucose intolerance was similar between wild-type and KD mice (Fig. 3a,b) . In addition, 10 weeks of high-fat feeding reduced whole-body insulin sensitivity, again with no differences between genotypes (Fig. 3c) .
Insulin-stimulated glucose uptake and Akt phosphorylation To directly assess muscle insulin action, we isolated soleus and EDL muscles from mice fed the high-fat diet for 12 weeks and incubated them with a sub-maximal concentration of insulin. Insulin increased glucose uptake in the soleus and EDL muscle by two-and threefold, respectively (Fig. 4a,b) , with similar increases in chow-fed wild-type and KD muscles (Fig. 4a,b) . As anticipated, the high-fat diet in wild-type mice reduced insulin-stimulated glucose uptake by~40% in the soleus and by~50% in the EDL muscles. However, this reduction in insulin-stimulated glucose uptake was not exacerbated in muscle from AMPK KD mice (Fig. 4a,b) . Phosphorylation of the insulin signalling protein Akt at S473 reflected a similar pattern to the glucose uptake measures, with the high-fat diet suppressing insulin-induced phosphorylation of Akt by~50 to 60% in muscle from wild-type and KD mice (Fig. 4c,d ). To observe whether the degree of insulin resistance was also similar in vivo, we injected mice intravenously with an insulin bolus at the same concentration used during the insulin tolerance tests and measured Akt phosphorylation in the quadriceps muscle. Insulin increased Akt phosphorylation in both genotypes (Fig. 4e) , an effect which was suppressed by~50%, irrespective of genotype, in animals fed a high-fat diet. These data indicate that, surprisingly, Muscle lipids Diacylglycerol [42, 43] and ceramides [44, 45] have been implicated in obesity-associated insulin resistance. Here, high-fat feeding increased gastrocnemius muscle triacylglycerol and ceramides by 300 and 50%, respectively, with a trend (p=0.07) to increased diacylglycerol content also observed (Fig. 5a-c) . These increases were similar in wild-type and KD muscles. Thus, accumulation of lipid species that impair insulin signalling was not exacerbated in AMPK KD muscles after 12 weeks of high-fat feeding.
Muscle mitochondrial markers Previous studies have found that AMPK regulates mitochondrial biogenesis [24, 25] and that high-fat feeding increases mitochondrial oxidative capacity [14, 15] . To estimate mitochondrial content, we measured levels of mitochondrial marker proteins in gastrocnemius muscle (Fig. 6) . In chow-fed KD muscles, protein levels of the complex II Ip subunit tended to be reduced by~20% (p=0.10), while the complex III Core 2 subunit was significantly reduced by 40% compared with wild-type littermates (Fig. 6) . High-fat feeding was associated with increased levels of mitochondrial proteins regardless of genotype, these increases being particularly evident for the complex III subunits Core 2 and complex IV subunit COX-I (Fig. 6) . Thus, while a modest reduction in some mitochondrial markers was detected in chow-fed KD mice, there was no difference in levels of mitochondrial markers after 12 weeks of high-fat feeding between the two genotypes.
Effect of obesity on AMPK phosphorylation and AICARstimulated glucose uptake To further investigate a potential role of AMPK in obesity-related insulin resistance, we assessed whether the ability of the AMPK activator AICAR to increase glucose uptake was impaired in muscles from high-fat-fed wild-type C57/BL6 and ob/ob mice. In high-fat diet muscles, AICAR increased glucose uptake in soleus and EDL by 70 and 200%, respectively; these increases were not affected by high-fat feeding (Fig. 7a,b) . In agreement with normal activation of AICAR-stimulated glucose uptake, activating phosphorylation of αAMPK T172 in response to AICAR increased normally in muscle from obese mice fed a high-fat diet (Fig. 7c ). Since we have previously reported that TNFα impairs AMPK signalling in muscles from the ob/ob mouse [36] , we also tested the effectiveness with which AICAR increases glucose uptake in this more severe model of obesity. We found that AICAR-stimulated glucose uptake was ameliorated in soleus and substantially reduced in EDL from ob/ob mice (Fig. 7d) . Taken together, these data suggest that obesity in response to high-fat feeding is not associated with impaired AMPK actions; however, in the case of severe obesity and insulin resistance, as seen in the ob/ob mouse, defects in AMPK signalling may exacerbate this phenotype.
Discussion
The accumulation of diacylglycerol and ceramides is associated with insulin resistance in skeletal muscle [42] [43] [44] [45] . As AMPK is thought to control fatty acid oxidation via the ACC2→malonyl-CoA→CPT-1 axis [20, 46] and activation of this pathway prevents lipid-induced insulin resistance [38, [47] [48] [49] , we investigated whether a deficiency in muscle AMPK would exacerbate obesity-related insulin resistance due to increased accumulation of bioactive lipid species. We used a mouse model specifically overexpressing a KD AMPKα2 in skeletal and heart muscle and characterised by a substantial reduction in ACC2 phosphorylation [40] . We assessed the efficacy with which insulin increased Akt phosphorylation and glucose uptake after 12 weeks of a high-fat diet and found, somewhat unexpectedly, that muscles from KD mice develop insulin resistance to a similar degree to their wild-type littermates and thus do not become more insulinresistant with obesity as initially hypothesised. In accordance, whole-body glucose and insulin intolerance were impaired to the same degree with high-fat feeding in wildtype and KD mice. As high-fat feeding in wild-type and KD mice was associated with comparable increases in muscle lipids, these data suggest that a significant reduction in ACC2 phosphorylation does not translate into increased muscle lipid storage and that a reduction in muscle AMPK does not make the muscle more susceptible to high-fat dietor obesity-induced insulin resistance.
In the present study we found a 90% reduction in ACC phosphorylation in KD mouse muscle. These findings are in agreement with previous studies [38, 40, 41] and suggest that residual α1AMPK activity is unable to compensate for the reduced α2AMPK activity when it comes to ACC phosphorylation. Surprisingly, this dramatic reduction in resting/basal ACC phosphorylation in KD mice did not result in greater accumulation of muscle lipids or increases in body mass, epididymal fat pad weight or serum leptin between high-fat fed KD and wild-type mice. These findings suggest that lipid metabolism was not altered in the obese KD mouse and are in line with recent reports showing that basal fatty acid oxidation is not reduced in muscles from the KD mouse [40] . Taken together, these findings suggest that AMPK is not essential for regulating basal fatty acid oxidation. Furthermore, as the substantial reduction in ACC2 phosphorylation did not translate into differences in lipid accumulation with obesity, this may suggest either that ACC2 is not critical for regulating basal fatty acid oxidation in resting muscle or that only a very small amount of ACC2 phosphorylation is sufficient for maintenance of basal fatty acid oxidation.
It is conceivable that congenital deficiency in muscle AMPK induced compensatory increases in oxidative capacity to overcome the reduction in ACC2 phosphorylation. However, studies of the AMPKα2-null mouse have reported that CPT-1 and other mitochondrial proteins are actually reduced in AMPK-deficient muscle [25, 50] . In agreement with these observations, we found that the content of some mitochondrial proteins was reduced in muscle from chow-fed KD mice, but that the high-fat diet increased mitochondrial protein levels to a similar degree in KD and wild-type mice. Thus, the observation that KD muscles were able to adapt to the increased lipid load induced by a high-fat diet or obesity may in part explain the similar degrees of lipid accumulation and insulin resistance between the two genotypes.
We found that the impaired ability of insulin to stimulate glucose uptake ex vivo and to increase Akt phosphorylation in vivo and ex vivo was not exacerbated in KD muscle with obesity. In addition, we assessed whole-body insulin sensitivity by performing glucose and insulin tolerance tests and by calculating the HOMA-IR index from fasting insulin and glucose. We found that these measures were affected similarly in the two genotypes with obesity. In fact, the only genotype difference detected was a modest, but significant reduction in circulating insulin levels in fed obese KD mice, which, if anything, suggests improved insulin sensitivity at the whole-body level. These findings clearly demonstrate that impairments in insulin action were not worse in KD than in wild-type muscles with high-fat feeding, and are in agreement with similar increases in intramuscular lipids in the two genotypes (Fig. 5) . Thus, a reduction in muscle AMPK does not affect the progression of obesity-associated insulin resistance in skeletal muscle or at the whole-body level. Therefore reduced levels of muscle AMPK activity seem unlikely to be a key contributor to the development of obesity-related insulin resistance, at least in the early phase of disease progression.
It could be argued that if AMPK is instrumental in the onset of obesity-associated insulin resistance, AMPK signalling by itself should be hampered by high-fat feeding. However, high-fat diet-induced obesity did not alter basal AMPK activity or ACC phosphorylation. Moreover, in agreement with findings in ex vivo incubated muscle strips from insulin-resistant humans [27, 28] , AICARstimulated αAMPK-phosphorylation and glucose uptake were normal in muscles from high-fat fed mice. However, in accordance with our previous finding of suppressed AMPK signalling in this mouse model [36] , we did find that AICARstimulated glucose uptake was suppressed in muscles from ob/ob mice, a genetic model of severe obesity and insulin resistance. Thus, while AMPK function is impaired with severe obesity it does not appear to influence the development of insulin resistance seen in more moderate levels of obesity. Fig. 7 AICAR-stimulated glucose uptake in high-fat diet (HFD) fed and ob/ob mice. AICAR and insulin-stimulated glucose uptake was measured in incubated soleus (a) and EDL (b) muscles from chow (Ch) or HFD fed C57/BL6 mice. c Basal and AICAR-stimulated AMPK T172 phosphorylation was measured in lysates from incubated EDL and soleus muscles from chow (grey bars) or HFD (black bars) fed C57/BL6 mice. d Basal (grey bars) and AICAR-stimulated (black bars) glucose uptake was measured in incubated soleus and EDL muscles from obese ob/ob mice and lean littermates. Values are mean±SEM (two-way ANOVA). *p<0.05 and ***p<0.001 for difference from basal; † p<0.05 for difference from chow-fed; n=8-10. 2-DG, 2-deoxy-glucose While this manuscript was in preparation, Fujii et al. [31] demonstrated that mice on a FVB background overexpressing a muscle-specific KD AMPKα2 Asp157Ala mutation develop more severe muscle insulin resistance after 30 weeks on a high-fat diet with 60% of energy from fat (compared with 12 weeks of a high-fat diet with 45% of energy from fat, as used in the current study), an effect which occurred independently of increases in muscle lipids. The difference between our findings and those of Fujii et al. [31] may be related to the use of different diet protocols, but probably more importantly, to the use of different mouse strains, as the FVB strain of mice is known to be resistant to the effects of high-fat diet-induced obesity compared with mice on a C57/BL6 background [32] as used in the current study. But the fact that the genotype effect occurred 26 weeks later than the first evidence of glucose intolerance suggests that AMPK did not have a primary role in the development of insulin resistance, as was recognised by Fujii el al. [31] .
In conclusion, a muscle-specific reduction in AMPKα2 and ACC phosphorylation did not exacerbate muscle lipid accumulation and insulin resistance in response to a shortterm diet intervention, suggesting that muscle AMPK is not a determining factor in the initial development of insulin resistance. The finding that lipid accumulation was not greater in obese AMPKα2 KD muscles than in wild-type littermates may in part be explained by similar expression of mitochondrial proteins in the two genotypes when fed a high-fat diet. While these data argue against a primary role for muscle AMPK in the initial development of obesity-related insulin resistance, the finding that AMPK signalling towards glucose uptake was intact in a physiological model of obesity (high-fat diet) nevertheless underscores muscle AMPK as a promising target in the therapy of type 2 diabetes and obesity-related insulin resistance.
